| INTRODUCTION
Pathogenic variants in SCN1A can give rise to extremely variable disease severities. [1] [2] [3] [4] On the severe end of the spectrum is Dravet syndrome, characterized by intractable epileptic seizures, diminishing psychomotor development that results in mild to severe intellectual disability, and often walking difficulties and behavioral problems. [5] [6] [7] [8] Recently, an SCN1A epileptic encephalopathy that is even more severe than Dravet syndrome has been described in 9 patients. 4 Milder phenotypes include genetic epilepsy with febrile seizures plus (GEFS+) syndrome and febrile seizures, in which intellectual disability is usually absent. 3, 9 Furthermore, there is a large phenotypic variability between Dravet syndrome patients; whereas some are severely disabled and suffer from ongoing seizures, others live much more independent lives. [10] [11] [12] An accurate prediction of the prognosis in affected children is understandably very important to parents. SCN1A encodes for the a-subunit of a neuronal sodium channel, Nav1.1. Pathogenic variants that lead to a complete loss of function of the channel are nearly always associated with severe phenotypes. 13 Such variants include genomic rearrangements, splice-site, nonsense, and frameshift variants. Certain missense variants can also lead to complete loss of function when located in critical regions of the gene (eg, the pore region and voltage sensor). However, other missense variants can result in milder disturbances of channel function and thus lead to milder phenotypes, although variants causing partial loss of function or gain of function may also be associated with Dravet syndrome. 13, 14 Although missense variant location is a strong indicator for the severity of channel disruption, it still cannot fully predict the effect of the variant on channel function and phenotype. 13, 15, 16 Physicochemical changes due to missense variants are similarly difficult to predict. 15, 17 Several genetic factors have already been suggested to modify the clinical outcome of SCN1A-related diseases, such as variants in the SCN1A promoter region, the 5 0 -and 3 0 -untranslated regions, and variants in other genes. [18] [19] [20] In clinical practice, it remains difficult to predict whether a missense variant will lead to Dravet syndrome or a milder disease. A few studies have identified clinical features that can help discriminate between Dravet syndrome and milder phenotypes, such as age at seizure onset, seizure types, and number of seizures. 16, 21, 22 Studies on Dravet syndrome severity have suggested that the presence of a motor disorder, certain electroencephalographic characteristics, early myoclonia and focal seizures, more severe seizures, and an early onset of developmental delay are associated with a worse outcome. 6, 10, [23] [24] [25] [26] Perhaps even more important are studies that focus on factors that clinicians can influence. Although it is clear that sodium channel blockers such as lamotrigine and carbamazepine can result in more frequent or severe seizures in this patient group, 6, 27, 28 and many studies have suggested a positive effect of an early diagnosis and appropriate treatment on long-term cognitive outcomes, this has not been established in large patient groups. 10, 16, 29, 30 Increasing knowledge about the effects of sodium channel blockers is crucial, because they are prescribed to a large proportion of patients with Dravet syndrome at some point during their disease course (21%-100% 25, 31, 32 ), often before a diagnosis is established.
Parents often experience great uncertainty about the prognosis of their children when a pathogenic SCN1A variant is found early in life, because accurate prediction of the consequences of an SCN1A variant is still not possible, and different SCN1A-related phenotypes may be indistinguishable at their first presentation. Consequently, there is still a critical necessity to identify more accurate predictors. Here, we study the effect of contraindicated medication (CIM) on cognitive function in Dravet syndrome patients (n = 104) and perform retrospective analyses of possible clinical predictors in a large cohort of Dutch patients with SCN1A pathogenic variants (n = 164).
| MATERIALS AND METHODS

| Participants
A cohort of 164 participants with SCN1A pathogenic variants was evaluated. A portion of this cohort (n = 124) has previously been evaluated for mosaicism. 33 
| Clinical data
Detailed clinical data were collected from medical records for all participants, and from semistructured telephone interviews when possible (n = 155). Data on several clinical variables, depicted in Table 1 , were obtained. Variables were selected based on literature and clinical experience. Afebrile seizures were defined as seizures with a body temperature < 38°C, or seizures for which medical records reported "no fever" without mentioning the exact temperature. Our main outcome was cognitive function at the time of inclusion, which was classified in a consensus meeting by a child neurologist, neuropsychologist, and clinical geneticist. Cognitive function at the moment of inclusion was rated on a 5-point scale based on available data on intelligence quotient (IQ) and developmental level, adjusted for age at assessment ( 
| Statistical analyses
We investigated predicting factors for Dravet syndrome versus non-Dravet syndrome, and for the severity of Dravet syndrome. We specifically tested the influence of CIM use on cognitive function. Univariate analyses were performed, and variables for which statistically significant differences between groups were observed were included in multivariate regression analyses, adjusted for age at cognitive assessment. Adjusting the models for age at cognitive assessment is necessary, because average cognition declines with older age in Dravet syndrome patients. Furthermore, sensitivity, specificity, positive and negative predictive values, and receiver operating characteristic (ROC) curves were calculated. Statistical analyses were performed using SPSS statistics software (SPSS Statistics for Windows V21; IBM, Armonk, NY, USA). All reported tests were performed 2-tailed with an alpha-level for significance of P < .05. 
| Predicting and influencing factors for cognitive outcome in Dravet syndrome
Univariate binomial logistic regression analyses, adjusted for age at cognitive assessment, were performed in the subgroup of Dravet syndrome patients. Patients were divided into 2 groups: mild cognitive dysfunction (score = 1-3) and severe cognitive dysfunction (score = 4-5). The following variables were assessed: age at seizure onset, age at first afebrile seizure, age at first observation of developmental delay, variant type, whether the patient had ever been admitted to an ICU, secondary seizure types before the age of 12 months (as defined previously), the presence of mosaicism for the pathogenic SCN1A variant, the duration of CIM use (defined as sodium channel blockers: lamotrigine, phenytoin, carbamazepine, oxcarbazepine, vigabatrin), and age at diagnosis. The cumulative number of months CIM was used in the first 5 years after seizure onset was calculated for each patient with seizure onset at least 5 years before assessment. This time frame was chosen because cognitive decline is generally most severe in the first years following disease onset. 6, 25, 26 We chose to T A B L E 1 Characteristics of the study population and univariate analyses analyze the duration of CIM use rather than whether CIM had ever been used, because only a small number of patients had never used CIM, thereby reducing the power of this analysis. Furthermore, we hypothesized that if CIM use is damaging, a longer use will result in more severe effects. A multivariate binomial logistic regression analysis, adjusted for age at cognitive assessment, was performed with all statistically significant variables.
Duration of CIM use was further investigated in relation to cognitive outcome scores 1-5 (ordinal logistic regression analysis, in contrast to the previously used dichotomy 1-3 vs 4-5) and interpolated IQ/DQ scores after 5 years of disease (linear regression analysis). To obtain these approximated scores, all IQ and developmental assessment scores of each patient, conducted at different ages, were interpolated by linear regression. When the first official assessment was made >5 years after seizure onset, we used the age at which a developmental delay was first observed (by either parents or clinicians) as the first moment of decline, and IQ/DQ scores up until that age were estimated to be average (=100). The duration of CIM use may depend on disease severity. To avoid confounding, clinical variables that were shown to have significant predictive value in our main analysis were added to these last 2 regression models.
We furthermore analyzed the effects of CIM use in year 1, 2, 3, 4, and 5 after seizure onset separately in univariate and multiple regression analyses, to investigate whether different effects are seen in different years.
| RESULTS
The characteristics of the study population are depicted in Table 1a, Table 1b, Table 2 , and Figure 1A . The Dravet syndrome subgroup consisted of 116 patients, and the non-Dravet group of 48. The median ages of the participants were 14 and 22 years, respectively. Almost half of all Dravet syndrome patients had a cognition score of 5 (45%), whereas almost all non-Dravet patients had normal cognitive capacities (score = 1, 90%) except for 5 who had a slight delay (score = 2, 10%). In 104 Dravet syndrome patients, seizure onset was at least 5 years prior to cognitive assessment. After 5 years of disease, the average interpolated IQ/DQ score was 62 and the median duration of CIM use was 11 months. Patients older than 12 years were more likely to have used CIM for longer periods of time and to be diagnosed at a later age. It was not possible to accurately perform an ordinal logistic regression analysis with age at diagnosis as a variable and the cognitive score as outcome, as there was a very strong multicollinearity between age at diagnosis and age at cognitive assessment (variance inflating factor = 15.375; Figure S1 ). Due to this strong linear relation (ie, older patients had Defined as seizures with a body temperature < 38°C or seizures for which medical records reported "no fever" without mentioning the exact temperature.
been diagnosed at a later age), it is difficult to calculate the separate contributions of each variable to the outcome. Because a younger age at diagnosis can only positively influence outcome if clinical management is adjusted, we focused on the duration of CIM use instead.
| Predicting factors for Dravet syndrome versus non-Dravet syndrome
Five tested variables showed a significant difference between the Dravet syndrome and non-Dravet subgroups in univariate analyses (all P < .0005; Table 1a ). Missense variants were the predominant variant type in non-Dravet patients (90%), and nonsense/frameshift/rearrangements were present in half of Dravet syndrome patients (51%). Dravet syndrome patients had a significantly earlier age of seizure onset (median 5 vs 12 months), more often had secondary seizure types before the age of 12 months (59% vs 6%), and were more likely to have been admitted to an ICU (47% vs 12%). Additionally, Dravet syndrome patients had their first afebrile seizure at an earlier age, with 65% before 12 months, whereas 36% of non-Dravet patients experienced their first afebrile seizure only after 48 months and 36% never had an afebrile seizure. Specificity, sensitivity, positive and negative predictive values, and ROC areas of all 5 significant variables are shown in Table S1a .
Occurrence of a first afebrile seizure before the age of 24 months was shown to be the best predictor for Dravet syndrome, with a positive predictive value of 96% and a negative predictive value of 81%.
The multivariate binomial logistic regression model, including all 5 significant variables, showed that the variables most significantly associated with Dravet syndrome were age at first afebrile seizure (P < .0005), a truncating or splice-site variant (P = .006), and admittance to an ICU (P = .039; Table 3a ).
| Predicting and influencing factors for cognitive outcome in Dravet syndrome
Six variables analyzed in univariate binomial regression analyses differed significantly between the mild and severe groups of Dravet syndrome patients: mosaicism of the pathogenic variant (P = .03), age at seizure onset (P = .007), secondary seizure types before the age of 12 months (P = .008), age at first observation of developmental delay (P < .005), age at first afebrile seizure (P = .001), and the duration of CIM use in the first 5 years of disease (P = .015; Table 1b ). Specificity, sensitivity, positive and negative predictive values, and ROC areas of all 6 significant models are shown in Table S1b . Age at first observation of delay and age at first afebrile seizure without fever were the best clinical predictors (ROC area under curve = 0.797 and 0.792, respectively).
The multivariate binomial logistic regression model, including all 6 statistically significant variables, showed that the best predictors for a worse cognitive outcome were age at first observation of developmental delay (P = .004), age at first afebrile seizure (P = .019), and duration of CIM use (P = .022; Table 3b ).
T A B L E 2 CIM use in Dravet syndrome patients per age group
Dravet syndrome patients with disease onset >5 years ago, n = 104 5-8 years 9-12 years 13-16 years 17-20 years 21+ years Ordinal logistic regression analysis, corrected for age at inclusion, age at first observation of developmental delay, and age at first afebrile seizure, showed a significantly higher chance of a worse cognitive outcome category score with a longer duration of CIM use (P = .001; Table 3c, Figure 2) . Linear regression analysis, corrected for age at first observation of developmental delay and age at first afebrile seizure, showed that a longer duration of CIM use was also a significant predictor for a lower interpolated IQ/DQ score 5 years after disease onset (B = À0.267, P = .010; Table 3d , Figures 1B and 3) . Repeated analyses, to investigate whether the use of estimated data for the interpolated IQ/DQ scores may have influenced our results, yielded very similar results: B = À0.237, P = .05 without the 29 patients for whom estimated IQ/DQ scores were used, and B = À0.244, P = .011 when the IQ/DQ scores before the first notice of delay were estimated to be 85 instead of 100. We furthermore found the strongest effect for the second year of disease when analyzing the first 5 years separately (B = 1.961, P = .002; Table S2 ).
| DISCUSSION
We studied several clinical variables in patients with pathogenic SCN1A variants to determine those that can be used as predictors for the development of Dravet syndrome and its .022
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CI, confidence interval; CIM, contraindicated medication (sodium channel blockers: lamotrigine, phenytoin, carbamazepine, oxcarbazepine, vigabatrin); DQ, developmental quotient; ICU, intensive care unit; ID, intellectual disability; IQ, intelligence quotient. Defined as seizures with a body temperature < 38°C or seizures for which medical records reported "no fever" without mentioning the exact temperature.
c Absences, myoclonias, focal seizures, and focal seizures with impaired awareness.
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severity. The most novel finding of our study is negative influence of longer CIM use on cognition in Dravet syndrome patients. Previous studies have suggested that appropriate treatment may have a positive effect on long-term cognitive outcomes in Dravet syndrome. 10, 16, 29, 30 To our knowledge, only one study tried to correlate CIM to cognitive outcomes and found no effect 25 ; however, only 17 participants (25%) had used CIM and none of them had taken it for >3 months. In our current study, 86% of Dravet syndrome patients had used CIM and the median duration of use in the first 5 years of disease was 11 months. We identify a significantly higher probability of a worse cognitive outcome, as well as a more severe cognitive decline in the first 5 years of the disease, when CIM was used for longer periods of time. Although reliable data on seizure frequency during CIM use are not available for our cohort, increases in seizure frequency due to sodium channel blocker use have been reported previously. 6, 27, 28 High seizure frequency has been associated with a worse cognitive outcome in Dravet syndrome patients, 26, 37 and similar findings have recently been shown in SCN1A+ mice. 38 Furthermore, if CIM is used, indicated medication is less likely to be prescribed, and therefore the negative effects of CIM can also partly be due to the deprivation of optimal treatment. It is therefore likely that an increased seizure severity, at least to some extent, explains the worse cognitive outcome associated with longer CIM use, in accordance with the epileptic encephalopathy disease model. However, because we did not observe an association between longer CIM use and ICU admittances (data not shown), the worse cognitive outcome is probably not due to an increase in status epilepticus. Furthermore, multiple authors have suggested that cognition in Dravet syndrome patients declines independent of seizures due to the direct impact of sodium channel dysfunction on cognitive processes, 25, 39 which may also explain the negative effects of CIM use on cognition. We specifically observed the largest effect of CIM use in the second year of disease, indicating that the developing brain might be particularly sensitive to CIM during this time frame. This finding emphasizes the importance of an early diagnosis and correct clinical management as soon as possible in the disease course. We suggest that SCN1A analysis should be considered in every child with atypical febrile seizures at the moment that maintenance treatment is indicated. Not surprisingly, older patients were more likely to be diagnosed at a later age and to have used CIM for a longer period of time, likely due to the upcoming availability of SCN1A genetic testing and evolving insights regarding best treatments. Better cognitive outcomes and a shorter duration of CIM use are to be expected if a younger and more recent cohort would be studied. Future research could therefore also focus on the effects of indicated treatment in this patient group.
There are a few limitations to our strategy of IQ/DQ interpolation. Different testing methods have been used, and IQ scores are not necessarily completely comparable to DQ scores. Furthermore, interpolated values become less reliable as the difference between the ages at which the tests are performed increases, as deterioration might not have been linear but might have fluctuated or was logarithmic instead. This can especially be a problem when a first assessment is performed a long time after a period of steep decline. Most importantly, it is likely that development had already began to decrease before it was first observed by parents or clinicians, and although the assumption of an IQ/ DQ of 100 before this moment might be correct for the group as a whole, in reality individual scores will differ. However, the same estimation was made for patients with longer and shorter CIM use and it therefore has probably not affected our results; repeated analyses without the 29 patients for whom estimated IQ/DQ scores were used and analyses in which the IQ/DQ scores before the first observation of delay were estimated to be 85 instead of 100 yielded very similar results. Ideally, CIM use should be tested in a prospective cohort with regular IQ/DQ assessments at similar ages for all participants, including an assessment before developmental delay is present. However, because of the known negative effects of CIM use, this is not ethically responsible. Our method, although probably not completely accurate, seems to lead to a close approximation of the real situation, as all different approaches, including our main analysis, show the same effect of CIM use on cognition.
A previous study has suggested that older patients respond differently to CIM use than younger patients. 40 F I G U R E 2 Duration of contraindicated medication (CIM) use by Dravet syndrome patients during the first 5 years of disease, divided into cognitive outcome categories Although there is anecdotal evidence for improved cognition after withdrawal of CIM following long-term use in adults, 37 there are also adult patients in whom CIM discontinuation cannot be established because of increased seizure severity. 40 It is hypothesized that this could be due to secondary lesions or compensatory mechanisms after a long disease course, leading to seizures that respond to sodium channel blockers. 40 Eighty-one percent of adults in our cohort have a severe or profound intellectual disability (score = 4-5), and only one patient had never used CIM. The small group of mildly affected participants (score = 1-3, n = 8) gives us little power to show an effect of CIM use in adulthood. We can therefore not state whether continued CIM use at higher ages results in further cognitive deterioration. Ideally, a cohort of adults would be analyzed prospectively, with functional assessment before and after withdrawal. If discontinuing CIM in adult patients is shown to have a positive effect on function or reduces further decline, this would advocate for changing medication even in patients who have acceptable seizure control at the moment of diagnosis. Although CIM seems to be able to influence cognitive outcomes, it only explains a small part of the differences in cognitive capabilities; adding duration of CIM use to the multivariate binomial regression model increased the explained variance by 14% (Nagelkerke R 2 : from 0.498 to 0.647). There are many patients who have used CIM for only short periods of time and still have a severe cognitive outcome, and IQ/DQ scores after 5 years of disease ranged over 60 IQ/DQ points for participants who had used CIM for almost the complete duration of that period. It is very likely that other genetic factors have a substantial influence on cognitive outcomes and also on responses to CIM, as multiple genetic modifiers have already been implicated to influence SCN1A phenotypes [18] [19] [20] 33 and responses to antiepileptic medication in general. 41 Further research investigating the role of other genetic modifiers and pharmacogenetics is needed. However, even if CIM use is responsible for only a small part of cognitive decline, it should still be avoided to optimize disease courses in individual patients. An early diagnosis is crucial in achieving this result.
We have also studied several other clinical variables in patients with pathogenic SCN1A variants. We identified that having a first afebrile seizure at a young age is the most significant predictor for seizures to evolve into Dravet syndrome; 96% of patients experiencing afebrile seizures before age 24 months developed Dravet syndrome, in contrast to 20% of patients who did not. Age at the first afebrile seizure was shown to be a better predictor than age at seizure onset, a variable that was previously mentioned as the most relevant parameter associated with Dravet syndrome. 21 Having a truncating or splice-site variant, a well-known predictor, 13 added significant predictive value to the regression model, as was expected. ICU admittances were also significantly associated with the outcome. Interestingly, 6 nonDravet syndrome patients (13%) also experienced ICU admittances. These patients were not classified as having Dravet syndrome because of their readily achieved seizure control and absence of intellectual disability at the time of inclusion. Having secondary seizure types at a young age, previously described as having predictive value, 16, 22 was in our cohort only significant in univariate analysis.
A younger age at first afebrile seizure was also shown to be a significant predictor in analyses of the cognitive outcome in Dravet syndrome, together with a longer duration of CIM use and an earlier onset of developmental delay. Although age at the start of developmental delay was already identified as a significant prognostic factor, 6 age at first afebrile seizure was not mentioned in previous studies. That age at the first afebrile seizure is a significant predictor for distinguishing between Dravet syndrome and non-Dravet syndrome, as well as for the severity of Dravet syndrome itself, provides support for the theory that febrile seizures, GEFS+, and Dravet syndrome are all part of the same disease spectrum, as previously proposed. 16, 42 Having secondary seizure types at an early age, another variable that was found to be significant in other studies, 6, 23, 25 was again only significant in a univariate analysis.
| CONCLUSION
Our data suggest that longer use of CIM in the first 5 years of disease may have negative effects on cognitive outcomes in Dravet syndrome patients and should therefore be avoided. An early diagnosis is essential to achieve this result. The negative effect of CIM might be mediated through a direct impact on cognitive processes and/or an increased seizure frequency, caused by the medication itself or by deprivation of indicated treatment. We furthermore identified age at first afebrile seizure as an important predictor for evolution of seizures into Dravet syndrome, as well as for the severity of Dravet syndrome, which can be used to counsel parents of young patients with SCN1A-related seizures.
